The present study describes the influence of banana plant cultivation on macroinvertebrate communities of streams located in the southeastern region of São Paulo state in the Atlantic Forest (four located in areas of banana cultivation and four in preserved areas); Methods: Sampling was performed during October and November of 2005. The fauna was collected with Surber sampler and a D-aquatic net (both with mesh of 0.25 mm) in rapids and backwaters. Simultaneously, an environmental characterization of each stream was made; Results: In total, 3,609 individuals were collected, distributed in 57 families, in which 45 were in forested streams and 46 in the banana plantation sites. Gripopterygidae, Perlidae, Leptophlebiidae, Leptoceridae, Helicopsychidae and Palaemonidae were abundant in forested streams, while Hydropsychidae, Chironomidae and Baetidae were abundant in the streams located in banana cultivation areas. Cluster analysis (UPGMA) with Simpson similarity measurement applied to the fauna of all streams evidenced the differences between forested and banana plantation streams. An analysis of similarity applied to both situations also pointed to significant differences (p < 0.05) between the two areas; Conclusions: This agricultural activity, although did not influence species richness patterns, seems to influence the structure of macroinvertebrate communities in low order streams in the Atlantic Forest region.
preservation area. In this context, knowledge about the relationship between banana plant cultivation and its influence on stream macroinvertebrate communities is of high importance for Brazilian sustainable development (Ometto et al., 2000; Roque and Trivinho-Strixino, 2001 ). In the present study, the influence of agricultural activity, in particular banana plant cultivation, on stream macroinvertebrate communities was evaluated.
Material and Methods
The study was undertaken in the Vale do Ribeira, São Paulo state, Brazil, in the Cananéia, Jacupiranga and Cajati municipalities (Figure 1 ), where banana cultivation is very intense.
The macroinvertebrates were collected in 8 streams (four located in areas of banana cultivation and four in preserved areas), during October and November of 2005. The studied streams are located between the coordinates 24° 50' (S)-24° 59' (S) and 48° 00' (W)-48° 59'5 (W) (Table 1, Figure 2 ). Macroinvertebrates of each stream were collected using a D-frame aquatic net (250 µm) (Merritt and Cummins, 1996) and a Surber sampler (0.25 mm) including riffle and pools areas, for 5 minutes, as recommended by Fontoura (1985) . In each stream, 9 samples were collected. Samples were taken to the laboratory, washed in a sieve of 0.21 mm mesh, selected on an illuminated tray and fixed with 70% alcohol. The taxonomic identification was achieved at the family level for most of them with the basis on the available published data (Brinckhurst and Marchese, 1991; Merritt and Cummins, 1996; Mariano and Froehlich, 2007; Souza et al., 2007; Calor, 2007; Lecci and Froehlich, 2007; Pinho, 2008; Azevedo and Hamada, 2008) . Based on the study conducted by , family identification appeared to be good for monitoring the effects of different land uses on macroinvertebrate communities in low order streams.
In order to aid the evaluation of the integrity of the 8 streams, physical and chemical variables of the water were measured. Physical and chemical variables such as temperature, dissolved oxygen and electric conductivity were measured in situ, by using a Water Quality Checker device (Horiba).
2.1.Data analysis
T h e r e i s n o i n d e x c o r r e l a t i n g t h e macroinvertebrate communities and the local environment in the state of São Paulo, or any waterquality index using the macroinvertebrate fauna
Introduction
Aquatic ecosystems have been impacted by innumerable anthropic actions, such as agricultural activities, hydrologic alterations and pollution, causing modifications in the input of nutrients for these systems (Allan et al., 1997) and changes in the faunistic structure (Wood and Armitage, 1997; Pringle et al., 2000) . However, the assessment and quantification of the effects caused by the anthropic impacts are difficult to evaluate because they can be confused with local, regional or temporal variations (Legendre et al., 2002; Townsend et al., 2004) .
As aquatic organisms may integrate effects of perturbations, numerous studies have been proposed to use the stream macroinvertebrate community to validate the effects of different land uses. Some studies have demonstrated that these aquatic organisms can indicate impacts caused by organic enrichment (Wilhm, 1967; Brabec et al., 2004) , reservoirs (Russel and Ward, 1988; Kleine and Trivinho-Strixino, 2005) , sedimentation (Wood and Armitage, 1997) , mining activities (Coutney and Clements, 2002) and agricultural activities, like sugar cane cultivation and pasture and soy and maize (Richards and Host, 1993) . However, studies about the possible impacts of banana plant cultivation are rare.
Banana plant cultivation is different from others, since harvesting of the fruits is done manually and there is no cutting of the vegetation during the year (Embrapa, 2007) . In this kind of culture, the maintenance of vegetal covering provides shading to the stream of the adjacent areas. Moreover, small amounts of pesticides are used when compared to other agricultural activities. For example, in banana cultivation, 0.31 kg/ha/year of pesticides is used, while for sugarcane, 3.4 kg/ha/year is used, and for apples, 49 kg/ha/year (Castillo et al., 2006; Neves et al., 2002) .
Another characteristic of this agricultural activity is that the majority of the cultivation of banana is located in areas of high declivity, as in the Atlantic Forest (Borges et al., 1997) that is considered one of the most impacted ecosystems in the world (Bibby et al., 1992) and therefore considered as one world-wide hotspot (Myers et al., 2000) . This fact could bring about the high contamination of streams with toxic products, such as metals from fertilizers, which can come from the neighboring cultivated areas through a leaching process.
According to the Brazilian Federal laws, areas with riparian vegetation are classified as a permanent (Ometto et al., 2000) . Moreover, many assessment techniques adopt a multimetric approach using a suite of simple metrics to assess environmental degradation. The strength of this approach lies in its ability to integrate information from the various features of a community to give an overall classification of degradation without losing the information provided by individual metrics (Thorne and Williams, 1997) . Consequently, in this study, the stream macroinvertebrates were analysed by the participation of each taxonomic group and the total of organisms collected. In order to evaluate the integrity of each stream, the community characteristics were determined by the The Cluster analysis applied to the aquatic insects delimited two groups: one grouping the assemblages in streams located in preserved areas (M1, M2, M3 and M4) and the other one in streams in areas adjacent to banana plant cultivation (B1, B2, B3 and B4) (Figure 3 ). The test of similarity (ANOSIM) applied to the two groups, pointed to significant differences (p = 0.028) between the situations (Figure 3 ).
Discussion
Differences between the macroinvertebrate communities in the banana cultivation and preserved streams were also pointed by Castillo et al. (2006) , however, the authors related the differences in the community structure to uncertain causes, like the natural variation of the communities and also to pesticide applications.
Some factors like pollution, riparian vegetation and stream order, could have influenced the species richness of the studied streams, as observed by Diniz-Filho et al. (1998) in the central region of Brazil (Goiás State) and by Corbi and TrivinhoStrixino (2008) in streams located in areas with sugarcane cultivation and pastures, without riparian vegetation (Cerrado areas in the state of São Paulo). In this latter study, deforestation of the riparian vegetation was regarded as the principal fact affecting stream macroinvertebrate communities. In contrast, banana plantations promote shading and food resources (litter) for the aquatic macroinvertebrates and also promote a partial covering of the stream bed. In the same way, this type of cultivation, being perennial, dispenses with the need to plough the ground every year for its plantation and thus, is less impactful than other cultures with periodic crops. In this context, our results show some difference from those of other studies obtained from impacted areas, because the streams located in areas with banana cultivation presented higher values of diversity and richness indexes than areas with sugarcane and pasture .
Several studies have shown the importance of the riparian canopy for macroinvertebrate communities (Mosisch et al., 2001; Ferreira-Peruquetti and Fonseca-Gessner, 2003; Benstead and Pringle, 2004) . Bojsen and Jacobsen (2003) and Kay et al. (2001) showed that the reduction of the riparian canopy causes a decrease in litter detritus on the streambed and an increase in periphyton biomass. In these streams, the macroinvertebrate communities are homogeneous and depauperate, in contrast to following metrics: number of families, richness index (Margalef ), EPT percentage (Ephemeroptera, Plecoptera and Trichoptera), (%) of Ephemeroptera, (%) of Plecoptera and (%) of Trichoptera.
For the data set (total macroinvertebrates of the 8 streams) a cluster analysis, with UPGMA, using the Simpson similarity measurement was applied to calculate the similarity between streams. Macroinvertebrate families, which showed a close similarity between streams were identified and grouped to a further analysis of similarity (ANOSIM). This was used to detect significant differences between the two groups. For this analysis, 5% as p-level was considered. The Cluster analysis and the ANOSIM were calculated by using the PAST Program (Version 1.68) (Hammer, 2001 ).
Results
About 3,609 individuals were collected, distributed in 57 families, 45 in forested streams and 46 in streams near the banana culture ( Table 2 ). The Chironomidae family (Diptera) was the most abundant, representing 32.8% of the total fauna, followed by Elmidae (Coleoptera) and Hydropsychidae (Trichoptera) families, which contributed respectively with 19.1 and 4.9%. Those groups were slightly expressive in streams of banana plant cultivation. Baetidae and Leptohyphidae families exhibited high concentration in streams near the banana cultivation areas, while Perlidae, Gripopterygidae, Leptoceridae and Leptophlebiidae families were found in streams of forested ones.
The values of the community index (richness index Margalef -I Mg , and family richness -F) were, in general, higher in the streams with riparian vegetation than in banana cultivation areas (Table 3 ). The contributions of the Plecoptera, Trichoptera and EPT percentages were higher in preserved streams than in streams near banana cultivation (Table 3) .
Dissolved oxygen (O 2 ) also presented high concentrations in all streams with banana culture and in preserved areas. The values varied from 7.87 mg.L -1 in the B3 stream to 10.30 mg.L -1 in the B2 stream, both located in areas with banana cultivation. Values of electric conductivity were slightly higher in areas with banana cultivation than in preserved areas. The high value was detected for the B1 stream (0.03 µS.cm -1 ) and low value in M1 stream (1.50 µS.cm -1 ). Concentrations of these components, as well as measurements of other physical and chemical characteristics, are presented in Table 1 . Elmidae  384  111  42  7  64  27  22  31  Hydrophilidae  13  1  7  33  3  --6  Staphylinidae  4  -------Scirtidae  -1  --3  1  7  2  Dryopidae  26  1  3  - Ceratopogonidae  20  4  3  5  3  8  8  8  Empididae  12  6  -2  ---3  Simuliidae  13  2  27  9  2  3  11  10  Tipulidae  12  --1  8  3  7  2  Ephydridae - Chironomidae  548  248  33  49  65  69  132  39  Plecoptera  Gripopterygidae  -1  --1  3  51  41  Perlidae  ---35  7  5  4  Ephemeroptera  Baetidae  2  4  4  121  2  -5  -Leptophebiidae  ---7  5  41  41  7  Leptohyphidae  ---63  2  ---Euthyplociidae  ----3  4  --Caenidae  ---41  --1  -Hemiptera  Gerridae  --4  -1  1  15  -Naucoridae  ----13  6  1  5  Vellidae  1  -3  2  1  2  3  11  Trichoptera  Hydropsychidae  41  2  13  67  7  17  21  10  Hydroptilidae  45  6  4  10  -3  2  1  Leptoceridae  2  ---59  7  12  3  Polycentropodidae  - Megadrilos  7  10  51  17  -3  7  2  Echytraeidae  -1  3  1  ----Tubificidae  --3  4  2  14  3  22  Naididae  6  3  1  95  --2 10 Total  1158  411  244  588  324  260  382  242 of the riparian vegetation and not with banana plant cultivation. The community index, gave consistent information about the faunistic characteristics and integrity of the 8 streams. The high taxa richness found in the M1, M2, M3 and M4 streams (preserved streams), added to a high ratio of the sensitive taxa (EPT richness, % of Plecoptera and % of EPT) clearly showed the importance of riparian vegetation for macroinvertebrate composition. This observation justifies the problem of the deforestation of riparian vegetation in detriment to the growth of banana plant cultivation, which causes a high impact in the stream with the loss of biodiversity. Although located in a deforested area, the banana streams presented a high richness and those of forested areas. In general, our results also show the importance of the riparian vegetation, which provided a higher taxa richness in the forested streams (M1-M4) when compared to the areas with banana cultivation (B1-B4). Another important aspect was the high participation of the Libelullidae larvae (predator organisms) on the banana cultivation streams. Ferreira-Peruquetti and Fonseca-Gessner (2003) observed similar results in their studies of the Odonata community in the streams with sugarcane culture in the state of São Paulo, and also observed the same pattern of Libellulidae distribution for streams located in deforested areas in Cerrado streams. Therefore, the occurrence of this group seems to be related to the deforestation diversity index when compared with the preserved streams. These results are probably related to the remaining portions of banana agricultural activity, in the form of litter from adjacent areas, which could supply the food source for the macroinvertebrates fauna. An important observation was the absence of the Plecoptera in the streams located in areas with banana cultivation. Plecoptera is a sensitive taxa that generally occurs just in preserved streams Lecci and Froehlich, 2007) . The deforestation of riparian vegetation appeared to also be reflected in the high values of temperature observed in the water of the impacted streams (B1 to B4). The higher temperature observed in the deforested streams than in the preserved ones appeared to also reflect in the values of dissolved oxygen in the water measured. The concentrations of cations (Mg, Mn, Na, K) are the components that influence the values of electric conductivity of the streams. Results obtained for the values of electric conductivity, also appeared to be a reflection of agricultural activities. In the deforested streams located in agricultural areas, the input of fertilizers (N, P, K) containing metals as micronutrients, probably influenced the high values of this variable in the water as observed for B1 and B4 streams located in areas with banana plant cultivation.
The influence of other factors as environmental variables had not been identified in the analyses. The results pointed to banana cultivation in the adjacent areas as one of the main factors that determine the macroinvertebrate community structure. From the results, we have to consider that the presence of remaining portions of this agricultural activity, as litter from the adjacent areas, appeared to supply, at least in a minor proportion, the food source for the macroinvertebrate fauna of the streams and could contribute to the major richness and diversity of fauna observed in these streams when compared with other agricultural activities.
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